Abstract : Backscatterirrg strength measured by deep-water multibeam echosounders is mode[ed here by introducing the concept of equivalent input backscatterirrg strength for a multilayered media. The seafloor is decomposed in a layered sediment finite volume and a basement. me contribution of these different components is analysed and discussed. Flrrally, the model is compared successfully with experimen[d data.
The seafloor model features a sediment volume covering an underlying basement. The sediment is a noncontinuous stack of different geological layers inside which the acoustical parameters (sound velocity, density and attenuation) may vary continuously with depth. For a plane wave incident on the seafloor with an incident angle~, each layer and the basement generate backscatterirrg which is decomposed in two parts : interface and volume These two components are grouped inside a single backscattering strength, a{~) for layer 1, supposed semi-infinite and covered by water. The local models for interface and volume backscattering are not specified at this stage. The total backscattenng strength of this s(ructure can be written as : (1) where the summation is taken over the number of layers, including the basement. In (1), the nominal backscattering strength of layer 1 is modified in three ways. First, the incident angle~is changed into 91+1, the refraction angle upon layer 1. This correction takes into account the acoustical refraction of the plane wave in the multilayered media. In most cases, the sound speed increases with depth, so does the refraction angle. This provides a critical angle for each layer and a deformation of the individual backscattering strengths with angle, a kind of "anamorphosis". The second modification (symbolised by the mark -over 01) considers the change in the impedance contrast. The layer / is no more covered by water but by another sediment (except for the first one). Consequently, the local reflection coefficient and the resulting backscattering strength are changed. In usual models [4] , this is done by modifying the velocity and density ratios. This change implies a decrease of the backscattered level near the vertical. And the third modification of al affects the layer volume. The usual hypothesis of a semi-infinite layer (e.g. [4] ) is no more used, except for the basement. This limitation involves a decrease in the energy backscattered by each stack component.
For taking into account the propagation of sound in the multi-layered sea-floor model, each modified individual backscattering strength 61 is affected by a transfert coefficient CP,(~), from layer 1 to the upper interface, It is computed [2] by the way of transmission and reflection coefficients in layered media [3] . Because it is a full-wave computation, it provides angular oscillations in the resulting curves due to layer resonances which may be observed experimentally [5] . The attenuation in the media is also considered by using complex wave numbers. The obtained coefficient presents a slow decrease near the vertical direction with a cut-off phenomenon near each layer critical angle. We caIl this model "equivalent input backscattering strength" for the resulting value ct(~) by artlogy with the "equivalent input impedance" [3] which uses the same type of recurent computation. The use of a single summation in equation (1) with no coupling term between the different components reveals the hypothesis of a single scattering model. This is coherent with the use of a small perturbation model for the individual backscattering strength. We also assume that the interfaces do not perturb the wave field inside the layers.
Regarding the wavelength used, this assumption is valid in most cases but we must restrict our investigation field to "flat" parts of seafloor domains.
COMPARISON WITH DATA AND DISCUSSION
A theory/data comparison has been conducted in a deep water region where both acoustical data and ground truths are available. It is located near the Mid-Atlantic ridge and the water depth is about 15W m. This is near an active volcanic area, so layers of ashes are present, covered by sedimentation. Ground truth is provided by core sample analysis of cores taken in this region. It reveals the presence of two different sediment layers covering a harder basement com~osed of ashes and sand. The acoustical model of this seafloor is presented in figure I a : the parameters used here ire derived from Hamilton's tables and curves [6] . The constraints on the input data are quite loose, due to the difficulty to obtain significant measurements; some parameters arc even completely out of reach (e.g. the statistics of buried rough interfaces). Due to the high number of poorly-known parameters featured by this quite simple structure, a wide range of results could have been obtained, possibly in good accordance with the experiments. The presented comparison tries to respect as far as possible the ground truth data. A good agreement on a large angle range (up to 65") is found between theory and experimental data ; particularly, this multilayer model can fit the two experimental curves with only a change in layer thickness, which is in good accordance with the geologist's perception of the zone.
